Introduction {#s1}
============

In USA, interest in direct access physical therapy is increasing because it has been associated with lower cost, less healthcare utilisation and higher patient satisfaction.[@R1] Currently, all 50 states, the District of Columbia and the US Virgin Islands allow patients to seek some level of treatment from a licensed physical therapist without a prescription or referral from a physician[@R3]; however, medical and chiropractic organisations have questioned whether physical therapists should be front line providers for patients with musculoskeletal pain.[@R4]

One high priority area for allaying these concerns is the development of standard processes that aid in determining suitability for individuals seeking their care. Review of systems of the body is a routine examination process with the goal of identifying concomitant disease suggesting a non-musculoskeletal cause of pain.[@R5] This process typically involves a symptom review followed by focused physical examination as appropriate. During review of systems of the body, attention is paid to whether referral for additional diagnostic testing is required. Another high priority area for developing standard assessment processes is the identification of pain-associated psychological distress (ie, 'yellow flags'). Yellow flags are psychological prognostic factors for the development of disability following the onset of musculoskeletal pain.[@R6] In extreme cases, psychological distress could necessitate referral to another provider, but more commonly pain-associated psychological distress is a precursor of delayed recovery and indicates the need for psychologically informed interventions.[@R7]

There are barriers to consistently performing review of systems and identifying pain-associated psychological distress. Review of systems involves querying the presence of 'red flag' symptoms. The variability of red flag symptom descriptors used and their lack of accuracy in predicting systemic involvement limit the implementation of standard, evidence-supported approaches for review of symptoms linked directly to identification of serious pathology.[@R8] Instead, alternative approaches to red flag screening in the form of identifying predictors of comorbidity status change have shown promise for improving patient management strategies but require further study.[@R11] Furthermore, literature support for the predictive value of identifying pain associated psychological distress, or yellow flags, has not led to this type of assessment being common in physical therapy practice. The lack of psychological assessment in physical therapy practice is likely due to it not being taught in educational settings and the large number of potential psychological factors to monitor creates confusion over which best drives clinical decision making.[@R6]

Physical therapists currently make clinical decisions for review of systems and identification of pain-associated psychological distress without standard assessment tools and processes.[@R10] Therefore, clinical decisions made by physical therapists could be an important contributor to suboptimal outcomes and/or excessive healthcare cost or utilisation. There are successful models for standard, concise assessment processes. For example, the Ottawa Ankle Rules accurately determine which patients are appropriate for radiographic testing.[@R15] Physical therapists would benefit from similar processes to enhance clinical decision making for patients across common musculoskeletal pain conditions. In particular, our efforts were focused on developing and validating tools that (1) facilitated review of symptoms for predicting change in comorbidity status and (2) identified relevant aspects of pain-associated psychological distress for predicting poor clinical outcomes for pain and functional status.

These tools were developed with the support of the Orthopaedic Section of the American Physical Therapy Association. Their Clinical Research Network funding mechanism supported the Orthopaedic Physical Therapy-Investigator Network (OPT-IN) to complete the Optimal Screening for Prediction of Referral and Outcome (OSPRO) separate development and validation cohort studies. The completed development cohort study involved the creation and initial psychometric testing of the OSPRO-Review of Systems (OSPRO-ROS) and OSPRO-Yellow Flag (OSPRO-YF) screening tools. The validation cohort study involves administering the newly developed OSPRO-ROS and OSPRO-YF tools to determine their predictive validity for clinical outcomes, comorbidity change and healthcare utilisation. The purpose of this manuscript is to provide an overview of the OSPRO validation cohort study design and methodology as well as define the baseline status of the cohort and indicate future plans for validation analyses. Our overall intent was to provide some transparency before results are reported by providing a detailed description of the methods and indicate our planned analyses prior to completing final follow-up for the cohort.

Cohort description {#s2}
==================

Overview {#s2a}
--------

A convenience sample was gathered from December 2014 and December 2015 by participating OPT-IN clinics. Physical therapists practising in these clinics determined participant eligibility at initial evaluation. Baseline and follow-up data collection occurred online, with participants completing all survey assessments on the study website. Follow-up time points were at 4 weeks, 6 months and 12 months and participants were notified of a pending assessment by an email that directed them back to the study website to complete their follow-up assessment. If participants did not complete their follow-up assessment within 1 week of the first email notification, an additional email reminder was sent each week for up to 3 weeks. Participants who were not responsive to any of these email reminders were contacted by telephone. Follow-up for the validation cohort is on-going and was completed in January 2017 ([figure 1](#F1){ref-type="fig"}).

![Study flow diagram for OSPRO validation study. \*Items in bold are planned primary outcomes. OSPRO, Optimal Screening for Prediction of Referral and Outcome.](bmjopen-2016-015188f01){#F1}

Clinical sites {#s2b}
--------------

OPT-IN clinical sites (n=9) were identified through various methods that included advertisement by the Orthopaedic Section, previous collaborative relationships, geographic location, type of setting and suggestions from the Section's advisory board. Clinics that were able to commit to recruiting 50 subjects and agreed to complete training were included in the network. Clinical sites were contacted by study investigators to discuss recruitment expectations and training procedures. Clinic training was performed on-site (n=3) or via videoconference (n=6) and included modules on study background, eligibility criteria and subject recruitment strategies.

The OPT-IN clinics that participated in data collection represented five of eight geographic regions for USA including the Mideast, Southeast, Great Lakes, Rocky Mountain States and Far West. The New England, Plains and Southwest regions were not represented. An attempt was made to balance between urban and rural settings over the entire OPT-IN network, though for pragmatic reasons that balance was not provided within each geographic region.

Participants {#s2c}
------------

The OSPRO validation cohort study was approved by the University of Florida Human Subjects Institutional Review Board and all participants provided consent to participate in the study.

Eligible participants were directed to a secure, University of Florida hosted website for the informed consent process and baseline assessment. All assessments were self-report and completed electronically by the participant in a de-identified manner. Eligibility criteria were reviewed by licensed physical therapists employed within an OPT-IN clinical site. Criteria were intentionally broad since our intent was to develop assessment tools with potentially wide clinical application. Using narrow eligibility criteria would have excluded a significant number of patients commonly seen by orthopaedic physical therapists, resulting in limited application of these tools. The same eligibility criteria were used for the development and validation cohorts. Demographic and clinical summary of the validation cohort is reported in [table 1](#T1){ref-type="table"}.

###### 

Baseline description of key demographic and historical variables for OSPRO validation cohort

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                           Label                           Overall (n=440)   Neck (n=98)   Low back (n=118)   Shoulder (n=107)   Knee (n=117)
  ---------------------------------- ------------------------------- ----------------- ------------- ------------------ ------------------ --------------
  Age\*\                             Mean\                           45.2±15.8         42.8±14.7     45.6±16.0          47.8±16.0          44.5±16.2
  (2 missing)                        ±SD                                                                                                   

  Median\                            45\                             41\               45\           51\                44.5\              
  (Min, Max)                         (18, 75)                        (20, 74)          (18, 75)      (18, 73)           (18, 75)           

  Gender                             Male                            164 (37.3%)       23 (23.5%)    49 (41.5%)         50 (46.7%)         42 (35.9%)

  Female                             275 (62.5%)                     74 (75.5%)        69 (58.5%)    57 (53.3%)         75 (64.1%)         

  Not answered                       1 (0.2%)                        1 (1.0%)                                                              

  Race                               American Indian/Alaska Native   3 (0.7%)          1 (1.0%)      1 (0.8%)           1 (0.9%)           

  Asian                              25 (5.7%)                       5 (5.1%)          1 (0.8%)      9 (8.4%)           10 (8.5%)          

  Black or African American          62 (14.1%)                      13 (13.3%)        15 (12.7%)    11 (10.3%)         23 (19.7%)         

  White                              343 (78.0%)                     75 (76.5%)        100 (84.7%)   86 (80.4%)         82 (70.1%)         

  Not answered                       7 (1.6%)                        4 (4.1%)          1 (0.8%)                         2 (1.7%)           

  Ethnicity                          Hispanic or Latino              31 (7.0%)         9 (9.2%)      7 (5.9%)           7 (6.5%)           8 (6.8%)

  Not Hispanic or Latino             376 (85.5%)                     81 (82.7%)        101 (85.6%)   97 (90.7%)         97 (82.9%)         

  Not answered                       33 (7.5%)                       8 (8.2%)          10 (8.5%)     3 (2.8%)           12 (10.3%)         

  Income                             Less than \$200 000             59 (13.4%)        7 (7.1%)      18 (15.3%)         16 (15.0%)         18 (15.4%)

  \$20 000--\$35 000                 53 (12.0%)                      15 (15.3%)        16 (13.6%)    8 (7.5%)           14 (12.0%)         

  \$35 001--\$50 000                 50 (11.4%)                      14 (14.3%)        10 (8.5%)     7 (6.5%)           19 (16.2%)         

  \$50 001--\$70 000                 56 (12.7%)                      19 (19.4%)        15 (12.7%)    11 (10.3%)         11 (9.4%)          

  Greater than \$70 000              156 (35.5%)                     27 (27.6%)        41 (34.7%)    50 (46.7%)         38 (32.5%)         

  Not answered                       66 (15.0%)                      16 (16.3%)        18 (15.3%)    15 (14.0%)         17 (14.5%)         

  Employed                           Full-time                       237 (53.9%)       66 (67.3%)    52 (44.1%)         58 (54.2%)         61 (52.1%)

  Part-time                          62 (14.1%)                      13 (13.3%)        21 (17.8%)    18 (16.8%)         10 (8.5%)          

  Unemployed                         61 (13.9%)                      8 (8.2%)          20 (16.9%)    12 (11.2%)         21 (17.9%)         

  Retired                            58 (13.2%)                      7 (7.1%)          21 (17.8%)    14 (13.1%)         16 (13.7%)         

  Not answered                       22 (5.0%)                       4 (4.1%)          4 (3.4%)      5 (4.7%)           9 (7.7%)           

  Education                          Less than high school           11 (2.5%)         2 (2.0%)      4 (3.4%)           1 (0.9%)           4 (3.4%)

  Graduated from high school         38 (8.6%)                       3 (3.1%)          13 (11.0%)    12 (11.2%)         10 (8.5%)          

  Some college                       112 (25.5%)                     24 (24.5%)        34 (28.8%)    25 (23.4%)         29 (24.8%)         

  Graduated from college             120 (27.3%)                     33 (33.7%)        31 (26.3%)    30 (28.0%)         26 (22.2%)         

  Some postgraduate                  56 (12.7%)                      12 (12.2%)        13 (11.0%)    12 (11.2%)         19 (16.2%)         

  Completed postgraduate             97 (22.0%)                      20 (20.4%)        22 (18.6%)    26 (24.3%)         29 (24.8%)         

  Not answered                       6 (1.4%)                        4 (4.1%)          1 (0.8%)      1 (0.9%)                              

  Insurance                          Private                         273 (62.0%)       65 (66.3%)    74 (62.7%)         62 (57.9%)         72 (61.5%)

  Medicare                           52 (11.8%)                      4 (4.1%)          17 (14.4%)    12 (11.2%)         19 (16.2%)         

  Medicaid                           19 (4.3%)                       5 (5.1%)          7 (5.9%)      4 (3.7%)           3 (2.6%)           

  Worker's compensation              14 (3.2%)                       5 (5.1%)          4 (3.4%)      4 (3.7%)           1 (0.9%)           

  Disability                         4 (0.9%)                                          1 (0.8%)      1 (0.9%)           2 (1.7%)           

  Uninsured                          7 (1.6%)                        2 (2.0%)          1 (0.8%)      3 (2.8%)           1 (0.9%)           

  Other                              45 (10.2%)                      10 (10.2%)        12 (10.2%)    10 (9.3%)          13 (11.1%)         

  Not answered                       26 (5.9%)                       7 (7.1%)          2 (1.7%)      11 (10.3%)         6 (5.1%)           

  Onset of symptoms                  Gradual                         239 (54.3%)       51 (52.0%)    61 (51.7%)         54 (50.5%)         73 (62.4%)

  Sudden                             138 (31.4%)                     34 (34.7%)        47 (39.8%)    31 (29.0%)         26 (22.2%)         

  Traumatic                          63 (14.3%)                      13 (13.3%)        10 (8.5%)     22 (20.6%)         18 (15.4%)         

  Previous episodes over past year   Yes                             224 (50.9%)       43 (43.9%)    68 (57.6%)         57 (53.3%)         56 (47.9%)

  No                                 185 (42.0%)                     43 (43.9%)        43 (36.4%)    44 (41.1%)         55 (47.0%)         

  Do not remember                    31 (7.0%)                       12 (12.2%)        7 (5.9%)      6 (5.6%)           6 (5.1%)           

  Work-related                       Yes                             63 (14.3%)        19 (19.4%)    19 (16.1%)         15 (14.0%)         10 (8.5%)

  No                                 345 (78.4%)                     68 (69.4%)        94 (79.7%)    83 (77.6%)         100 (85.5%)        

  Not answered                       32 (7.3%)                       11 (11.2%)        5 (4.2%)      9 (8.4%)           7 (6.0%)           

  Surgery for primary complaint      Yes                             83 (18.9%)        5 (5.1%)      13 (11.0%)         24 (22.4%)         41 (35.0%)

  No                                 357 (81.1%)                     93 (94.9%)        105 (89.0%)   83 (77.6%)         76 (65.0%)         
  -------------------------------------------------------------------------------------------------------------------------------------------------------

\*Indicates missing items with number of subjects for a given variable reported in column.

Inclusion criteria {#s2d}
------------------

Patients between the ages of 18 and 65 years of age were eligible to participate in this study if they: (1) were seeking outpatient physical therapy treatment for musculoskeletal pain, (2) had primary complaints involving the cervical spine, lumbar spine, shoulder or knee and (3) were able to read and comprehend English language (this criterion was necessary due to the large number of self-report forms used at intake and follow-up).

Exclusion criteria {#s2e}
------------------

Patients were excluded from study participation for any diagnosis indicative of (1) widespread chronic pain syndrome (eg, fibromyalgia or irritable bowel syndrome), (2) neuropathic pain syndrome (eg, complex regional pain syndrome or diabetic neuropathy), (3) psychiatric history (currently in care of mental healthcare provider or taking ≥2 prescription psychiatric medications), (4) cancer (currently receiving treatment for active cancer) and (5) neurological disorder (eg, stroke, spinal cord injury or traumatic brain injury).

Predictive measures {#s2f}
-------------------

Predictive measures were collected during the initial session, either while in the clinic or at home after the session. Subjects who preferred to complete the survey at home were provided a handout with a link to the study website. OSPRO validation cohort baseline values for key predictive measures are reported in [table 2](#T2){ref-type="table"}.

### Demographic and historical information {#s2f1}

Participants completed a standard intake form previously used in our clinical studies including age, sex, race, ethnicity, employment status, litigation status, marital status, educational level, insurance provider type, self-reported health status and surgical history.[@R16] Historical data included anatomical location of the pain, onset of symptoms, duration of symptoms, previous episodes and previous treatments.

### Comorbidities {#s2f2}

Health history was determined with the Charlson and Functional Comorbidity Indices. [@R19] The Charlson Comorbidity Index lists 19 medical conditions that participants are asked to indicate whether they 'have ever been diagnosed with by a physician'. Similarly, the Functional Comorbidity Index lists 18 medical conditions that participants are asked to indicate whether they 'have ever been diagnosed with by a physician'. These indices were selected because they assess different medical conditions and inclusion of both would allow for full consideration of comorbidities. A composite comorbidity count was derived by adding unique number of comorbidities reported in the Charlson and Functional Comorbidity Indices (ie, similar comorbidities reported in both indices were only counted once).

### Review of systems {#s2f3}

The OSPRO-ROS tool[@R21] was administered at baseline. This measure includes standard symptom descriptors used in the past to aid with identification of systemic involvement. It includes questions related to symptoms of the cardiovascular, gastrointestinal, endocrine, nervous, integumentary, pulmonary and musculoskeletal systems. In the OSPRO validation cohort, the 10-item and 23-item versions of the OSPRO-ROS tool will be considered in predictive analyses.[@R21]

### Yellow flags {#s2f4}

The OSPRO-YF tool[@R22] was also administered at baseline. This measure includes items from pain vulnerability domains (negative affect and fear-avoidance) and pain resilience domains (positive affect and self-efficacy) to aid with identification of pain associated psychological distress.[@R22] In the OSPRO validation cohort, the 17-item and 10-item versions of the OSPRO-YF tool will be considered in predictive analyses.

###### 

Baseline description of key predictors for OSPRO validation cohort

  Variable                                  Label         Overall (n=440)   Neck (n=98)    Low back (n=118)   Shoulder (n=107)   Knee (n=117)
  ----------------------------------------- ------------- ----------------- -------------- ------------------ ------------------ --------------
  Composite number of comorbidities         Mean±SD       2.0±2.2           1.9±1.8        2.5±2.4            1.6±2.0            2.0±2.2
  Median (min, max)                         1 (0, 12)     2 (0, 6)          2 (0, 10)      1 (0, 12)          1 (0, 10)          
  Distribution of number of comorbidities   0             139 (31.6%)       33 (33.7%)     26 (22.0%)         38 (35.5%)         42 (35.9%)
  1                                         85 (19.3%)    13 (13.3%)        26 (22.0%)     23 (21.5%)         23 (19.7%)         
  2 +                                       216 (49.1%)   52 (53.1%)        66 (55.9%)     46 (43.0%)         52 (44.4%)         
  OSPRO-ROS (1--10)                         Mean±SD       2.7±2.4           3.8±2.2        2.4±2.1            2.5±2.6            2.2±2.3
  Median (min, max)                         2 (0, 10)     4 (0, 9)          2 (0, 8)       2 (0, 10)          1 (0, 10)          
  OSPRO-ROS (11--23)                        Mean±SD       1.2±1.8           1.5±2.0        1.2±1.6            1.1±1.9            1.2±1.7
  Median (min, max)                         1 (0, 12)     1 (0, 9)          1 (0, 9)       0 (0, 12)          0 (0, 7)           
  OSPRO-YF (1--10)                          Mean±SD       17.4±6.7          17.2±7.0       17.7±7.1           17.5±6.4           17.3±6.3
  Median (min, max)                         17 (4, 47)    17 (4, 40)        16.5 (5, 47)   17 (4, 36)         17 (4, 36)         
  OSPRO-YF (11--17)                         Mean±SD       14.9±5.5          14.8±5.8       14.9±5.6           15.3±5.4           14.7±5.4
  Median (min, max)                         15 (3, 34)    14 (3, 30)        15 (4, 34)     15 (4, 32)         15 (3, 27)         

Composite and distribution number of comorbidities derived from unique responses to Charlson and Functional Comorbidity Indices. OSPRO-ROS, OSPRO Review of Systems Tool; OSPRO-YF, OSPRO Yellow Flag tool.

### Intervention {#s2f5}

All physical therapy treatment was provided at the discretion of the treating clinician. The duration of the episode, the number of physical therapy visits and individual treatment parameters (type, intensity, duration, frequency) were not collected.

Outcome measures {#s2g}
----------------

A tiered approach was used for outcome assessment consisting of initial contact by email for online data collection and then telephone follow-up for those who were not responsive to email. The telephone follow-up was used to guide the participant back to the secured web collection or the option for the participant to provide data over the phone for entry by one of the study investigators.

Primary and secondary measures were collected to determine whether there were any important status changes in health for longer-term outcomes. At 4 weeks, primary outcome assessment included pain intensity and self-report functional status to capture information about immediate response to the physical therapy episode. At 6 and 12 months, primary outcome assessment includes pain intensity and functional measures as well as previously mentioned comorbidity assessment. Measures of chronic pain development or maintenance, healthcare utilisation, treatment expectations and patient satisfaction were collected at 6 and 12 months as secondary outcomes. OSPRO validation cohort baseline values for outcome measures are reported in [table 3](#T3){ref-type="table"}. These outcome measures are described in more detail below.

###### 

Baseline description of key outcome variables for the OSPRO validation cohort

  ------------------------------------------------------------------------------------------------------------------------------------
  Variable                        Label          Overall (n=440)   Neck (n=98)    Low back (n=118)   Shoulder (n=107)   Knee (n=117)
  ------------------------------- -------------- ----------------- -------------- ------------------ ------------------ --------------
  SF-8\                           Mean\          42.7±8.5          43.8±7.5       40.9±7.8           44.7±8.6           41.8±9.3
  Physical Component\             ±SD                                                                                   
  (0--100)                                                                                                              

  Median (min, max)               43.7\          44.6\             40.1\          46.8\              42.5\              
                                  (22.4, 59)     (25.5, 58.2)      (25.6, 57.8)   (25.3, 58.4)       (22.4, 59)         

  SF-8\                           Mean±SD        50.9±9.1          49.0±9.2       50.4±8.9           51.1±9.4           53.0±8.6
  Mental Component (0--100)                                                                                             

  Median (min, max)               53\            51.2\             51.8\          53.8\              55.2\              
                                  (22.6, 68.8)   (26, 62)          (27.7, 63.7)   (22.6, 64.7)       (26.8, 68.8)       

  Pain Intensity\                 Mean±SD        4.2±2.0           4.3±1.9        4.5±1.7            4.1±2.1            4.0±2.2
  (0--10 NRS)                                                                                                           

  Median (min, max)               4\             4.3\              4.3\           4\                 3.7\               
                                  (0, 9.7)       (0, 9)            (0.7, 9.7)     (0.3, 9.3)         (0, 9)             

  Neck Disability Index (%)       Mean±SD                          28.6±16.1                                            

  Median (min, max)                              24\                                                                    
                                                 (2, 76)                                                                

  Oswestry Disability Index (%)   Mean±SD                                         28.7±18.2                             

  Median (min, max)                                                26\                                                  
                                                                   (0, 86)                                              

  Quick-DASH Score (0--100)       Mean±SD                                                            38.8±20.1          

  Median (min, max)                                                               34.1\                                 
                                                                                  (2.3, 97.7)                           

  IKDC Score\*\                   Mean±SD                                                                               39.6±15.7
  (0--100)\                                                                                                             
  (16 missing)                                                                                                          

  Median (min, max)                                                                                  39.2\              
                                                                                                     (7.2, 77.3)        
  ------------------------------------------------------------------------------------------------------------------------------------

\*Indicates missing items with number of subjects for a given variable reported in column.

DASH, Disability of Arm, Shoulder, Hand questionnaire; IKDC, International Knee Documentation Committee Subjective Evaluation Form; NRS, Numeric Rating Scale.

### Pain intensity {#s2g1}

Pain intensity was assessed by the Numeric Rating Scale ranging from '0' (no pain) to '10' (worst pain imaginable).[@R23] Participants rated their current pain intensity as well as their best (lowest) and worst (highest) pain intensity over the past 24 hours.

### Pain interference {#s2g2}

Pain interference was assessed with four questions to determine the extent to which pain interfered with the participant's abilities to participate in (1) daily activities, (2) work around the home, (3) social activities and (4) household chores over the previous 7 days. Potential responses were 'None at all', 'A little bit', 'Somewhat', 'Quite a bit' and 'Very much'.

### Self-report of functional status {#s2g3}

Self-report of functional status was assessed at intake and 1-year follow-up with two measures: (1) the Medical Outcomes Study 8-item Short-Form Health Survey (SF-8), which is a general quality of life measure that has physical and mental health domains[@R26] and (2) the Neck Disability Index (NDI),[@R27] Oswestry Disability Questionnaire,[@R29] Quick Disability of Arm, Shoulder and Hand (DASH)[@R31] or International Knee Documentation Committee Subjective Knee Form[@R32] as condition specific measures for cervical, low back, shoulder and knee pain, respectively.

### Persistent or chronic pain status {#s2g4}

Persistent or chronic pain status was assessed by self-report responses to questions accounting for duration of pain and activity limitations. At intake, pain status was determined using established definitions that account for the duration of pain and activity limitations[@R33] using the following two questions: (1) 'How long have you been experiencing your current painful symptoms?' and (2) 'Have you experienced ANY pain and activity limitations everyday for the past 3 months?' For 6-month and 12-month follow-up assessments, we included questions to assess: (1) duration of symptoms over follow-up time and (2) duration of persistent, ongoing symptoms over consecutive days. These questions were selected as they were similar to what was done for defining chronic low back pain.[@R35]

### Healthcare utilisation {#s2g5}

Healthcare utilisation was assessed with questions derived from previous population-based studies involving musculoskeletal pain that have used survey methods for follow-up assessment.[@R33] Briefly, patients were asked whether they have used any of the following: prescription pain medication, injection, imaging, surgery, emergency room visits. 'Yes' responses were followed by questions regarding number of visits, types of diagnostic tests performed and interventions received. At 6 months, patients were queried about their utilisation over the past 2 months, allowing for a 4-month window for the current treatment episode to not be accounted for in this assessment. At 12 months, patients were queried about their utilisation over the past 6 months.

### Treatment expectation {#s2g6}

Treatment expectation was assessed at 6 and 12 months with one item asking patients 'Are the results of your physical therapy treatment what you expected?' (1---'definitely not' to 5---'definitely yes').[@R36]

### Patient satisfaction {#s2g7}

Patient satisfaction was assessed at 6 and 12 months with three separate items asking patients: (1) 'If you had to spend the rest of your life with the symptoms you have right now, how would you feel about it?' (1---'very dissatisfied' to 5---'very satisfied'), (2) 'Would you have the same physical therapy treatment again if you had the same condition?' (1---'definitely not' to 5---'definitely yes') and (3) 'How would you rate the overall results of your physical therapy treatment?' (1---'terrible' to 6---'excellent').[@R36]

### Power analysis {#s2g8}

Sample size estimates were based on precision for the assessment tools. The sample size was calculated so that 95% CI for the accuracy of predicting 23-item versions of the OSPRO-ROS tool from the abbreviated 10-item version have a width of at most ±5%. Specifically, we required that sample size N satisfies sqrt(p\*(1-p)/N)\*1.96\<0.05, where p is the prediction accuracy. This calculation yielded 385 patients with neck, shoulder, low back or knee pain. A liberal estimate of 20% loss to follow-up at 1 year results in a required total sample size of 462, or approximately 115 patients for each anatomical region.

### Overview of analysis plan {#s2g9}

The analysis plan was first developed in 2012 as part of the original grant proposal, with only minor modifications made for changing specific measures during study implementation. Our primary analyses will assess the accuracy of predicting 12-month clinical and healthcare utilisation outcomes by the newly developed assessment tools. The outcomes of pain intensity (numeric pain rating scale (NPRS)), condition specific function (z transformed scores for NDI, ODI, DASH and lower extremity function scale (LEFS)), quality of life (SF-8) and comorbidity change (from Charlson and/or Functional Comorbidity indices)will be fitted with generalised linear models using the newly developed screening tools as planned fixed effects. Logistic regression models will be fitted for dichotomous outcomes on various parameters of healthcare utilisation (eg, opioid use, injection, imaging, surgery and/or ER visits). We will consider age, sex, region of pain, clinical site, socioeconomic status, comorbidities (from Charlson and/or Functional Cormorbidity indices) and corresponding outcome measure at baseline as *planned* covariates in all prediction models.

Primary analyses will first be conducted with missing 12-month outcomes imputed by last-value-carried-forward method. The results will be compared with those obtained from complete case only analysis and those obtained from multiple imputations. Planned secondary analyses include prediction of other 12-month outcomes including pain interference, development of chronic pain, treatment expectation and patient satisfaction.

Findings to date {#s3}
================

There are no longitudinal findings reported to date from the on-going OSPRO validation cohort. The separate and completed cross-sectional OSPRO development cohort yielded two assessment tools, the OSPRO-ROS[@R21] and OSPRO-YF[@R22], which serve as the primary predictors for the validation cohort.

Briefly, the OSPRO-ROS tool included items that accurately identified patients responding positively to at least one of the 97 items in a red flag symptom item bank. In psychometric analyses, a 10-item version of the OSPRO-ROS tool identified 94.7% of the positive responders to at least one of the items. A 23-item version of the OSPRO-ROS tool provided 100% accuracy. The OSPRO-ROS tools and the complete 97-item bank had similar correlations with concurrent clinical measures, except for a weaker association with depressive symptoms for the OSPRO-ROS tools. However, the ROS tools did still have a moderate positive association with depressive symptoms.

The OSPRO-YF tool included items that estimated established measures of pain vulnerability (negative affect and fear-avoidance) and resilience (positive affect and self-efficacy). In psychometric analyses, the 17-item version of the OSPRO-YF tool identified elevated vulnerability and decreased resilience with at least 85% accuracy. A 10-item and 7-item version of the OSPRO-YF tool provided at least 81% and 75% accuracy, respectively. All versions of the OSPRO-YF tool contributed additional variance in multivariate analyses investigating associations with measures of pain and disability (ranging from 19.3% to 36.7%) after controlling for demographics, historical variables and anatomical region of pain. These tools are described in much more detail in the original papers.[@R21]

Strengths and limitations {#s4}
=========================

The primary strength of the OSPRO validation cohort is the planned methodology to evaluate prognostic capabilities of newly developed assessment tools specifically designed to be concise and useful for clinical decision making. Another strength of this cohort is that patient follow-up occurred at 12 months following an initial physical therapy encounter and included a wide variety of outcomes. Finally, a strength of this cohort study is use of assessment tools with flexibility for routine administration in busy practice settings. We acknowledge simply developing and validating assessment tools does not guarantee a shift in clinical practice but it is a strength that these assessment tools can be administered using classical pen and paper methods. However, ideally they would be implemented and scored electronically to limit clinician burden. This is particularly important for the OSPRO-YF tool which has complicated scoring algorithms to provide score estimates of established full-length questionnaires. Electronic implementation will also allow for development of computer-based decision support systems, such as has been done for risk assessment involving worker's compensation[@R38] and chronic low back pain.[@R40]

The primary limitation of the OSPRO validation cohort is the reliance on convenience sampling for recruitment for pragmatic reasons. It would have been too burdensome for participating clinics to consecutively track patients for enrolment in the study. Concerns about selection bias are somewhat mitigated by our intentionally broad eligibility criteria that resulted in similarities in many demographic and clinical variables between the development and validation cohorts. However, because the OSPRO-ROS and OSPRO-YF tools are newly developed, data are lacking to compare directly to the target population of interest and determine if the recruited cohorts were representative. We do acknowledge that ideally this sample would have been recruited consecutively. A second limitation is the lack of detailed information on individual treatments received by patients in the cohort. The decision to not collect individual level treatment information was driven by the goal to develop tools that broadly predicted outcomes. There were also logistic hurdles that could not be overcome in attempting to consistently track individual level treatment information from clinics participating in different health systems. A final limitation to consider is the sample size. While the sample size was adequate for the primary study questions, it may be too small to complete subgroup analyses that go beyond our planned secondary analyses.

Collaboration {#s5}
=============

After completion of final follow-up, there will be an embargo on the data sharing to allow the investigator team to complete the primary and secondary analyses. It is anticipated that this embargo period will be no greater than 18 months after completion of the study. At that point, the data will be de-identified and freely available for download. The data will be hosted on the Orthopaedic Section of the American Physical Therapy Association website. There will be no restrictions to its use but to avoid duplicate reporting of findings permission from the Section must be gained by investigators who wish to reuse the data for scientific presentations or publications.

Further details {#s6}
===============

Clinical Practice Guidelines from the Orthopaedic Section of the American Physical Therapy Association have emphasised diagnosis, intervention and outcome assessment.[@R41] Screening and prognosis are relatively underdeveloped and data from this validation cohort will help to inform this physical therapy practice area. Analyses from the OSPRO validation cohort will add to this evidence base as it will be the first systematic investigation we are aware of that includes review of systems and yellow flag assessment by US physical therapists. Previous studies focusing on these processes have not combined review of systems with yellow flags and have been completed in primary care outside of USA.[@R8] The specificity of OSPRO may allow for direction suggestions to be made for improving clinical decision making in physical therapist practice in USA. Planned analyses from the already assembled validation cohort will assess the predictive capabilities of the OSPRO-YF and OSPRO-ROS tools for pain, function, quality of life, ccomorbiditychange and healthcare utilisation outcomes. In future studies, we plan to expand on clinimetric properties of these tools by assessing reliability, respondent burden and comparisons to other established screening tools. Collectively, these planned and future analyses will evaluate the absolute and relative accuracy and efficiency of using the OSPRO tools to predict clinical and utilisation outcomes when compared with existing assessment paradigms.

Dissemination of the findings from the OSPRO validation will occur in several different venues. First, primary and secondary analyses will be published in peer-review journals that are accessible to physical therapists. Second, members of the investigator team will submit data from the validation cohort for presentation at scientific conferences. Third, the investigator team will plan educational sessions at national conferences that provide instruction on implementation of these tools. Fourth, a website hosted by the Orthopaedic Section is planned that allows for automated scoring of the tools and provides estimates of clinical outcomes. Finally, members of the investigator team will integrate findings from the OSPRO validation study during capacity building and community engagement opportunities with key mmusculoskeletalpain stakeholders.[@R49]
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